Ekşikara (Vitis vinifera L.) is a poorly known native Turkish grape cultivar, which is being cultivated for thousands of years for table consumption, raisin, and grape molasses production. The aim of this study was to investigate the phenolic profile of whole berry, skin, and seeds of the cultivar and to determine the effect of harvesting year and altitude of the vineyard location. The grape samples were collected from two vineyards, located at 1000 and 1500 m of altitude in year 2014 while it was collected from 1500 m of altitude in year 2015. In addition to phenolic profile, antioxidant activity, total phenolic, anthocyanin, and tannin contents, and fatty acid profile of seed oil were also analyzed. In this study, anthocyanins, resveratrol, rutin, and isorhamnetin-3-glucoside were mainly found in skin while monomers and dimers of flavan-3-ols were present mainly in the seed. Altitude had a drastic effect on phenolic compounds as well as on the antioxidant activity of whole berry, skin, and seeds.
Introduction
European grape vine (Vitis vinifera) is a well-known fruit crop native to Mediterranean region and central Asia. Ekşikara is a cultivar and a local variety of Vitis vinifera and originating from south of Central Anatolia, especially Konya-Karaman region. It is grown around the towns of Hadim and Taşkent under the name of Keçimen and Karaoğlan. Its berries are sweet, distinctive intensely aromatic, and dark-skinned. It is generally cultivated for table consumption, raisin, and grape molasses production. Despite of having special taste and aroma, Ekşikara still remains a poorly known and uncommon cultivar.
The chemical composition of seeds, skin, and fleshy tissues of grape berry differs considerably from each other and is affected by several factors such as variety, climate, water availability, soil, sun light, and altitude. [1] Phenolic compounds in edible plants are the main secondary metabolites, which are abundantly presented, and originated from tyrosine and phenylalanine. [2] Importance of polyphenols in plants arise from positive effects to sensory properties of products, and human health. [3] Health beneficial effects of phenolics are usually associated with antioxidant activities, oxygen spices scavenging abilities, free metal chelation abilities, and nitrosation inhibition abilities. [4] Grape berries contain phenolic acids (hydroxybenzoic andhydroxycinnamic acid, and their derivatives), stilbenes, flavon-3-ols, flavonols, anthocyanins, and condensed tannins. [5] Amount and profile of phenolics in grape show considerable variations in different parts of fruits like seed, skin, and pulp. [6] Accumulation of flavonoid in plants is induced by biotic and abiotic stresses. [7] Exogenous factors such as light, temperature, and pathogenesis affect synthesis of flavonols. Especially, flavonol synthesis is a light dependent process, and UV-B radiation induces it. [8, 9] The anthocyanin profile of grape is intrinsic to the varieties and it is thought to be controlled by some genetic factors. [10] Whereas, differences in the amount of individual anthocyanin are the result of the enviromental factors. Some environmental factors, such as sun light exposure, plant growth regulators, and water deficits promote the anthocyanin synthesis. [11] Latitude and altitude of vineyard also affect the grapes polyphenol synthesis by making differences in sunlight hours, temperature, and UV-B exposure to vines. [12] Many of Vitis species can synthesize stilbene, which is influenced by factors such as soil type, heat stress, altitude of cultivation site, fertilizer application. In many cases, stilbene accumulation is induced by water deficits, fungal infection, and ultraviolet (UV) radiation. [9] The aim of this study was to determine phenolic profiles and antioxidant activity of Ekşikara grapes berry, skin, and seeds harvested from vineyards located at different altitudes, and in different years. We intend to introduce this cultivar to researchers.
Material and methods

Samples
Ekşikara grape variety is native to South of the Central Anatolia Region. Therefore, two vineyards, located at Hadim, Konya, Turkey (latitude 36°59' N; longitude 32°27' E) were chosen as sampling area (Fig. 1 ). The first vineyard was located at an altitude of 1500 m and the other was at 1000 m. The grapes were harvested from these two vineyards in September 2014. The samples were also collected in the following year (September 2015) from the vineyard located at 1500 m to investigate the changes in phenolic composition depending on harvesting year.
The vines were grown on own roots. Sixty clusters from different vines were used in sampling. Ten berries were removed from each cluster and 600 berries were obtained. They were divided equally into three groups to obtain whole berry, seeds, and skin. Grapes, harvested at commercial maturity (22°Brix), were transferrred to the laboratory, and were manually separated into seeds and skin. Seeds, skins, and whole grapes were lyophilizied in a freeze dryer (Scanvac, Coolsafe, Lynge, Denmark) seperately and stored at -20°C. Figure B , the vineyard labeled with circle is located at 1000 m and rectangle at 1500 m.
Chemicals
Gallic acid, procyanidin B1, (+)-catechin, procyanidin B2, (-)-epicatechin, epigallocatechin, epicatechin gallate, gentisic acid, chlorogenic acid, caffeic acid, rutin, kaempferol-3-glucoside, isorhamnetin-3-glucoside, and trans-resveratrol were purchased from Extrasynthese (Genay, France). High-performance liquid chromatography (HPLC) grade acetonitrile, ethyl acetate, methanol, acetic acid, Folin Ciocalteu's reagent, sodium carbonate, sodium hydroxide, sodium acetate trihydrate, hydrochloric acid, potassium peroxodisulfate were acquired from Merck (Darmstadt, Germany). 2,2-Diphenyl-1-picrylhydrazyl (DPPH), 2,2'-Azino-bis(3-ethylbenzothiazoline-6-sulphonic acid; ABTS), bovine serum albumin, and ethanol were obtained from Sigma Chemical Co. (St. Louis, MO). 6-Hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid (Trolox) was from Fluka.
Analyses
Extraction procedure for total phenolic, tannin, and total monomeric anthocyanin analyses Lyophilized whole berries, skins, and seeds were finely ground. One gram of each fraction was extracted with 50 mL acidified methanol:water (80:20) by using a homogenizer (WiseMixTM HG-150; Daihan Scientific, Korea). Then, extracts were centrifuged (NF 800R, Nuve, Turkey) at 4100 × g for 10 min. Supernatant was removed and collected into a glass jar. The residual pellate was re-extracted with methanol: water mixture. The supernatants from two extractions were pooled and stored at -18°C until further analyses.
Total phenolic content
The total phenolic contents of samples were determined using Folin-Ciocalteu procedure, described by Akbulut and Coklar. [13] The methanolic extract (0.5 mL) was mixed with 2.5 mL Folin-Ciocaleu's reagent (0.2 N) and 2.0 mL sodium carbonate (75 g/L). The samples were read against the blank at 765 nm after 120 min using a spectrophotometer (U-1800, Hitachi, Japan). Gallic acid standard solutions at concenrations 12.5 to 200 ppm were used to construct the calibration curve and the results were expressed as milligram gallic acid equivalents (GAE)/g dry weight (DW).
Total monomeric anthocyanin content
Total monomeric anthocyanin content in the samples was determined by pH differential method as described by Akbulut andCoklar. [13] Briefly, 1 mL of extract was taken into two flasks and diluted with 4 mL of a buffer pH 1.0 (potassium chloride, 0.025M) and buffer at pH 4.5 (sodium acetate, 0.4M), separately. After 30 min, absorbance at wavelenghts 515 and 700 nm was recorded and the difference between the values was calculated according to Eq. (1). The total monomeric anthocyanin content of samples was calculated by Eq. (2) and results were reported as milligram of malvidin-3-glucoside equivalent (ME)/g DW.
Monomeric anthocyanin content mg=g
where A is the absorbance differences, DF is dilution factor, MW is molecular weight of malvidin-3-glucoside (493.43g/mol), ε is molar absorptivity of malvidin-3-glucoside (28000 L /mol cm), and l is pathlength in centimeters.
Tannin content
Tannin content of the extracts was determined by protein precipitation method as decribed by Hagerman and Butler. [14] Briefly, 1 mL methanolic extract was added to 2 mL of bovine serum albumine solution at a concentration of 1.0 mg/mL (in 0.20 M acetate buffer, pH 5.0, containing 0.17 M sodium chloride), kept at 4°C overnight to precipitate protein and tannin complex, and then centrifugated at 9000 × g for 15 min.
Pellet was dissolved in 4 mL of SDS-triethanolamine, 1 mL 0.01 M ferric chloride in 0.01 N hydrochloric acid was added and immediately vortexed. The absorbance was recorded at 510 nm after 15 min. The results were calculated according to the standard curve that was prepared using 0.1-1 mg/mL tannic acid solutions and given as mg/g of DW.
Antioxidant activity
Ferric reducing antioxidant power (FRAP) assay The FRAP of the samples were determined as per the method described by Benzie and Strain. [15] Briefly, 50 µL extract and 150 µL deionized water were added to the 1.5 mL fresly prepeared FRAP reagent (300 M acetate buffer, pH 3. 
ABTS assay
The protocol, described by Re et al., [16] was followed to determine the ABTS antioxidant activity of extracts. To generate the ABTS• radical, 2.5 mL of potassium persulfate solution (2.45 Mm) was added to 5 mL ABTS solution (7 mM). The mixture was incubated at room temperature nearly 16 h. The stock solution was diluted with ethanol, to an absorbance of 0.700 ± 0.02 at 734 nm. The extract (10 µL) was added to 990 µl ABTS• solution. The absorbance at 734 nm was measured after 6 min and the reduction in the absorbance was noted. Results were reported as mmol Trolox equivalent (TE)/kg DW.
DPPH assay DPPH• antioxidant activity was determined according to the Brand-Williams et al. [17] Briefly, an aliquot (0.1 mL) of extract was added to 3.9 mL of a DPPH (6×10 −5 M) methanolic solution. After 30 min of incubation at room temperature in the dark, the absorbance was measured at 515 nm. The results were expressed as mmol TE/kg DW.
Anthocyanin and phenolic profile
One gram of lyophilized and milled seed, skin and whole berry was seperately weighted and extracted with 50 mL methanol:water:formic acid (50:48.5:1.5) mixture by homogenizer for 2 min and centrifuged at 3000 × g for 10 min at 4°C. The supernatant was collected and the residue was reextracted with 20 mL solvent mixture.
For phenolic and anthocyanin profile analysis, 2 mL of extract was purified by using C18 SPE cartidges (Agilent, USA). Non-anthocyanin phenolics and anthocyanins were eluted with ethyl acetate and methanol, respectively. Ethyl acetate and methanol eluates were evaporated at 35°C, resuspended in 1 mL methanol and then filtred through 0.45 µm pore size syringe filter (Sartorius AG, Goettingen, Germany). To determine trans-resveratrol content of grape, liquid-liquid extraction procedure was carried out by using ethyl acetate.
The analysis of phenolic compounds in the extracts was carried out by Agilent 1260 Infinity Series HPLC system equipped with diode array detector. Seperation was achieved by a reverse phase C18 column (5 μm, 250 × 4.6 mm i.d). Mobil phase consisted of acetic acid:water and water:acetonitril: acetic acid, and the flow rate was 0.75 mL/min. The detector was set at 280, 306, 320, and 360 nm for non-anthocyanin phenolics and 520 nm for anthocyanins. The identification of phenolics was confirmed by comparing their retention times and UV spectra. The data were analyzed by ChemStation software. [18] Fatty acid profile of grape seeds oil The ground seeds (4 g) were extracted with petrolium ether in an soxhlet extractor for 6 h as described by Gecgel et al. [19] To prepare the methyle esters of fatty acids, 0.1 g oil was weighed in an screw cap tube, 0.2 mL potassium hydroxide in methanol (2N) and 2 drops of methyl orange were added. The flask was shaked for 30 s, after phase separation, the upper layer was transferred into a vial for gas chromatography (GC) analysis. [20] Fatty acid profile anlysis was performed on an agilent 7890 A-FID gas chromatography system, equipped with 100 m × 0.25 mm × 0.2 µm HP-88 capillary column. Split injector and flame ionization detector (FID) were operated at 260°C. Oven temperature was set at 140°C, held for 5 min, and ramped at 4°C/min to 240 for 15 min. The sample (1 µL) was injected to system with a split ratio 30:1. Hydrogen gas was used as carier gas at a flow rate of 30 mL/min, and air flow rate was set at 300 mL/min. [21] 
Statistical analysis
The results are being presented as means ± standard deviations (SD) and were subjected to one-way analysis of variance (ANOVA), at a confidence level of 95% to determine whether there was any significant difference between the means of altitude and harvested year. Statistical analysis was performed by using MINITAB (Released 14, Minitab Inc. USA).
Results and discussion
Total phenolics, total monomeric anthocyanin, and tannin content of the fractions of Ekşikara grape Table 1 shows the data of the total phenolic content, total monomeric anthocyanin content, and tannin content of seeds, skin, and whole grape berry as a function of harvested year and location. Total phenolic content of whole berry, seed, and skin of Ekşikara grape harvested in 2014 were found to be 20.91, 115.74, and 49.58 mg GAE/g DW, respectively. In the samples of 2015, total phenolic content was nearly same as quantitative in seeds and whole grapes.
However, the total phenolic content in skins showed a decrease according to 2014 year. Several studies have determined total phenolic content of berries, seeds, and skins of distinct grape cultivars. [6] Most of them reported that total phenolic content in Vitis vinifera seeds is higher than that in skin. [6, 22] Xu et al. [23] reported the phenolic content of 18 grape cultivars, and found a variation from 15.79 to 99.28 mg GAE/g DM for seed and from 12.11 to 41.21 mg GAE/g DM for skin.
An increase in total phenolic content of all fractions was noted with increasing altitude. However, there were some insignificant changes in total phenolic of different fractions according to the year, except the skin. The total phenolic content of skin was decreased from 49.58 to 39.66 mg GAE/g DW in following year.
Phenolic compound accumulation is highly dependent on the enviromental factors. [8, [24] [25] [26] [27] [28] Vineyard soil quality, temperature, humidity, solar, and UV radiation are influenced by altitude. [12] Ristic et al. [29] noted a significant impact of shading on total phenolic content of grape berries. According to their results, the grapes grown in shaded had a lower total phenolic content than the grape with a normal sunlight exposure.
Total monomeric anthocyanin content of Ekşikara berries and skins was determined as 3.24 and 27.24 mg/g DW, respectively. Significant differences in total monomeric anthocyanin content were also detected among the berries and skins of Ekşikara located at different altitudes. This finding is consistent with previous studies that investigated the effect of altitude on anthocyanin accumulation. [24] An increase in total anthocyanin content of grape berries under the influence of sunlight exposure and cold temperature was noted by Cohen et al. [30] Lower anthocyanin content in berry skin at higher temperature, such as 35°C, is thought to depend upon the anthocyanin degradation and inhibition of anthocyanin accumulation. [31] Regarding to tannin content of fractions, the highest amount of tannin was found in seed with 46.72 mg/g DW in 2014 at high altitude. The lowest value was in whole berry with 7.52 mg/g harvested in 2015. The tannin content in seed was decreased from 46.72 to 39.76 mg/g DW in the following year. With increasing altitude, a statistically significant decrease was observed in both seed and skin tannin levels.
Antioxidant activities of grape berries, seeds, and skins
To evaluate the antioxidant activity of berry, skin, and seed extracts of Ekşikara, DPPH, ABTS, and FRAP methods were used. The results of DPPH antioxidant activity are shown in Fig. 2 . Among all three fraction, seed exract of grapes harvested from high altitude in 2015 showed the maximum antioxidant activity with 362.34 mmol TE/kg DW, whereas whole berry cultivated at low altitude showed the lowest antioxidant activity (23.34 mmol TE/kg DW). There was no statistically significant difference in DPPH antioxidant activity of seed extract from the standpoint of harvesting year and location altitude. Similar result was found in FRAP antioxidant activity of the seed extract (Fig. 4) . The ABTS antioxidant activity of the seed extract showed significant decrease for the sample collected at the low altitude (Fig. 3) . The DPPH value of whole berry extract showed an increase from 49.97 to 53.86 mmol TE/kg DW in the following year. Statistically, significant (p < 0.01) decrease in DPPH value for whole grape extract was seen with the decrease in altitude. In the contrast to the whole berry and seed extracts, the DPPH, and FRAP antioxdant activities of skin extract was different for both the years. With the decreasing altitude, all methods reported significant decreases in the antioxidant activities of Vitis vinifera berry, seed, and skin. Xu et al. [23] evaluated the antioxidant activity of seeds and skin extracts for 18 grape cultivars and found DPPH antioxidant activity of 94.05-275.96 µmol TE/g DM for skin and 52.42-422.18 2 µmol TE/g DM for seeds. Ky andTeissedre [32] reported the FRAP values for seed extract of Grenache, Syrah, Carignan cultivars as 1.28, 1.45, and 1.20 mmol Fe 2+ /g DW, respectively. Phenolic compunds, such as vitamin C and E, tocopherols, tocotrienols and carotenoid, are one of the key antioxidants. Hydroxycinnamates exhibit equal or two times greater antioxidant activity than vitamin C or E, while flavan-3-ols, anthocyanidins, and flavon-3-ols possess aproximately two-to five-fold higher antioxidant activity than that of vitamin C and E. [33] As noted by Spranger et al., [34] antioxidant activity of flavan-3-ols is positively related to their degree of polymerization and catechin possesses lower antioxidant activity than its polymers and oligomers. When antioxidant activity was eveluated by taking into consideration of total phenolic, it was seen that there was a strong correlation between them. As phenolic content increased, the antioxidant activities measured by DPPH, ABTS, and FRAP also increased for seeds, whole berry, and skin extracts. Our findings are in agreement with the study of Yilmaz andToledo [35] on Vitis vinifera cv. Muscadine, Merlot, Chardonnay. They found antioxidant activity ranging between 245.91 and 450.51 µmol of TE/g of DM for seed and 69.81 and 102.81 µmol of TE/g of DM for the skin. Different antioxidant activity values for grape berry, seeds, and skin have been reported by previous studies. [6, 23, 34, 36, 37] As noted by Spigno et al., [36] it might be caused by differences in grape cultivar, extraction method, and antioxidant activity assay. /g DW) Figure 4 . FRAP values of whole berry, seeds, and skin of Ekşikara grape cultivated at different altitude and year.
Fatty acid profile of grape seed oils
The fatty acid composition of Ekşikara grape seed oil is presented in Table 2 . The most abundant fatty acid in Ekşikara grape seed oil was linoleic acid (C18:2). Oleic acid (C18:1), palmitic acid (C16:0), stearic acid (C18:0), arachidic acid (C20:0), and linolenic acid (C18:3) were also determined in this oil. Proportion of fatty acids of Ekşikara was similar to that reported by Crews et al. [38] In agreement with Baydar andAkkurt, [39] the highest fatty acid proportion was found for linoleic acid with 73.72% and the lowest for linolenic acid with 0.01%. The ranges of fatty acids in Ruby red, Muscadine, Concord, and Chardonnay grape seed oils were 66.0-75.3% for linoleic acid, 13.9-21.9% for oleic acid, 7.05-7.75% for palmitic acid, 2.52-4.72% for stearic acid, 0.25-1.14% for linolenic and trace amount-0.15% for arachidic acid. [40] There was no significant difference in the percentage of linoleic, linolenic, and arachidic acid of the grape seed oilin terms of years and altitudes. However, palmitic acid, oleic acid, and stearic acid contents of oils showed variations as a result of the year and altitude. With increasing altitude, statistically significant decreases were recorded for stearic and oleic acid in Ekşikara seed oil.
Enviromental factors, such as altitude, air temperature, average annual relative humidity, and light intensity affect the accumulation of saturated, monounsaturated, and polyunsaturated fatty acid in plants. [41] The effect of temperature on the changes in fatty acid profile of oils can be attributed to certain modifications in enzymatic activities. [42] According to Carvalho and Velásquez, [43] cultivation of avocado at lower altitude resulted in lower percentage oleic acid in its oils. A previous study also indicated that oleic acid concentration in some oils of hazelnut varieties (Sivri, Yomra, and Karayaglı) increases with altitude. [44] Palmitoleic, linoleic, stearic, and palmitic acids are the other fatty acids of avocado and hazelnut oils that are highly affected by altitude changes. [43, 44] 
Anthocyanin profile
Relative amounts of individual anthocyanin in Ekşikara grape berries and skins cultivated at different altitude and year are presented in Table 3 . As a predominated anthocyanin in Ekşikara grape, malvidin-3-O-glucoside constituted 39.74 and 32.17% of total anthocyanin in the skin and grape berry, respectively. Peonidin-3-O-glucoside, delphinidin-3-O-glucoside, petunidin-3-O-glucoside, cyanidin-3-O-glucoside were also detected in descending order of their relative amount (Fig. 5) . This result is in agreement with that reported by Kallithraka et al. [45] The authors identified five anthocyanin monoglucosides and one coumaroylated anthocyanin in 17 cultivars of Vitis vinifera in Greece; and they also found malvidin-3-O-monoglucoside as dominant anthocyanin in all the cultivars.
As shown in Table 3 , statistically significant changes were observed in the relative amounts of cyanidin-3-O-glucoside, petunidin-3-O glucoside, malvidin-3-O-glucoside, and acylated anthocyanins (p < 0.05) in whole berries that were in the same vineyard in 2014 and 2015. In the whole grape, an increase from 31.17 to 42.11% occured in malvidin-3-O-glucoside in the following year. On the contrary, relative amounts of cyanidin-3-O-glucoside, petunidin-3-O glucoside and acylated anthocyanins were decreased. In the skin, except peonidin-3-O-glucoside, there was no significant difference in the proportion of anthocyanins by years. The increase of peonidin-3-Oglucoside in skin from 17.89 to 27.47% was found significant. As expected, same anthocyanins were determined in whole berry and skin extracts of the grapes cultivated at low and high altitude vineyards. On the other hand, the relative proportions of each anthocyanin were significantly changed compared to the higher altitude. The relative amount of malvidin-3-Oglucoside in both skin and whole berry increased with decreasing altitude. Conversely, petunidin-3-O-glucoside ratio was decreased from 11.91 to 10.25% in the whole berry and from 12.40 to 8.71% in the skin. As previously mentioned, anthyocyanin synthesis in grapes are highly affected by enviromental factors and potential effects of altitude on anthocyanin synthesis are caused by the variations in temperature, sunlight exposure, and water deficits. UV radiation, moderate sunlight exposure, low temperature (close by 25°C), and water deficit enhance the anthocyanin accumulation by stimulating the expression of the structural and regulatory genes. [26, 31] Xing et al. [24] reported that anthocyanin accumulation in grapes at higher altitudes occurs more than lower altitudes.
The lower proportions of cyanidin-3-O-glucoside, peonidin-3-O-glucoside and petunidin 3-Oglucoside were found in whole berry cultivated at the lower altitude; and the acylated anthocyanin proportion increased significantly at higher altitude. This result is consistent with the findings of Fernandes de Oliveira et al. [11] where they reported an increase in acylated anthocyanin proportion under light treatment. Figure 6 shows the HPLC chromatogram of phenolic compounds in Ekşikara berry recorded at 280, 320, and 360 nm. Gallic acid, chlorogenic acid, caffeic acid, and gentisic acid were identified in Ekşikara berry as shown in Table 4 . Chlorogenic acid was the most abundant non-flavanoid phenolic in the Ekşikara berries (180.9 mg/kg DW). It was followed by gallic acid, gentisic acid, and caffeic acid in a decreasing order. Gallic acid was detected only in the whole berries and seeds. This is in agreement with the results of Gómez-Alonso et al. [46] Similar results were reported by Breksa et al. [47] who determined the phenolic profiles of 16 cultivars and selections of Vitis vinifera. They did not find gallic acid in the grapes, except for two selections. While no difference in the amount of gallic acid in both berries and seeds was observed in the lower altitude, chlorogenic acid amounts in berry and seed decreased with increasing altitude. As a result of increasing altitude, a significant decrease in gentisic acid amount of berries (p < 0.01) and caffeic acid amount of seeds (p < 0.05) observed. Except the caffeic acid content in seeds, negligible changes were observed in gentisic and caffeic acid amounts in all fractions according to the years.
Phenolic profile
Three flavonols, namely rutin (quercetin-rutinoside), kaempferol-3-glucoside, and isorhamnetin-3-glucoside, were detected in the berry. Rutin contents were found to be 183.50 mg/kg DW in the berry, 34.86 mg/kg DW in the seed, and 172.70 mg/kg DW in the skin. As the altitude increased, drastic decreases occurred in the amounts of rutin (p < 0.01) and isorhamnetin-3-glucoside (p < 0.05) in the whole berry. However, no significant changes were found in rutin and isorhamhetin-3-glucoside contents of skin and seeds as a result of higher altitude and year.
As can be seen in Table 4 , flavanols were the main phenolics of Ekşikara grape. (+)-catechin, (-)-epicatechin, epigallocatechin, and epicatechin gallate were found in whole berries, skins, and seeds. Among the fractions, seeds had the highest epicatechin concentration. It was followed by the berry (374.70 mg/kg DW) and skin (96.21 mg/kg DW). Epicatechin, the most abundant monomeric flavanol in Ekşikara, was presented at highest concentration in seed (4784.00 mg/kg DW). The contents in whole berry and skin were 374.70 and 96.21 mg/kg DW, respectively.
Epicatechin and catechin are the most abundant flavanol-3-ols monomers present in grape varieties, and they are found at about equal concentrations. However, epicatechin is found slightly higher amounts in some grapes, especially in red grape cultivars. [48] Flavanol monomer and dimer concentrations in the seeds of eleven grapes cultivated in Turkey ranged from 4.71 to 25.80 mg/g for catechin, 2.49 to 16.88 mg/g for epicatechin, 0.32 to 11.50 mg/g for epicatechin gallate, 0.79 to 2.55 mg/g for epigallocatechingallate, 0.79 to 5.96 mg/g for epigallocatechin, 0.56 to 1.94 mg/g for procyanidin B1 and 0.52 to 1.60 mg/g for procyanidin B2. [37] There were significant differences in the catechin concentrations of berries, harvested at different years and vineyards at different altitudes. Epigallocatechin gallate amount in the whole berry increased between the cultivation years. Epicatechin content of the skin was highly affected by the altitude (p < 0.05) and year (p < 0.01).
Procyanidin B2 was found in all fractions, while procyanidin B1 was detected only in the berry and seed of Ekşikara grape. The highest concentrations of procyanidin B1 and procyanidin B2 were observed in the seed as 4719.00 and 5987.00 mg/kg DW, respectively. Both cultivation year and altitude had no significant effect on procyanidin B1 and procyanidin B2 contents of all fractions.
These results have a number of similarities with findings of Xing et al. [24] who noted a favorable role of high altitude on flavonoid synthesis in the grape berry. They reported lower values for most of the flavonols, flavan-3-ols and anthocyanins, identified in Cabernet Sauvignon grapes, at higher altitude cultivation. Generally, high altitude is associated with lower temperature and more intense sunlight exposure which acts as main stimulants in flavonoid synthesis. [24, 49] HPLC chromatogram of trans-resveratrol in Ekşikara grape skin is shown in Fig. 7 . Skin, berry and seed of Ekşikara grape had 8.17, 2.27 and 1.97 mg/kg DW of trans-resveratrol, respectively. At lower altitude, a decrease was found in trans-resveratrol contents of skin and seed. Moreover, in skin, resveratol content increased from 8.17 to 18.00 mg/kg DW in following year. The transresveratrol content of grape is highly changeable according to the variety. Vincenzi et al. [50] reported resveratrol contents in the skin of 21 Vitis vinifera cultivars ranging from 19 to 508 μg/g. 
Conclusions
Ekşikara is a polyphenol-rich grape cultivar with high antioxidant activity, as in the case of many Vitis vinifera grapes that are subject to researchs. High antioxidant activity is bestowed by phenolic content and indivial phenolic compounds. Flavan-3-ols and tannins are found mainly in seed, while flavonols are mainly present in skin. Because of the containing seeds and skin, whole berry also exhibits high antioxidant activities. Some differences were observed in individual phenolics of grape by years associated with the climatic changes, whereas altitude had a drastic effect on phenolics in the grape. As altitude arised from 1000 to 1500 m, phenolic accumulation was up regulated and consequently antioxidant activity was increased. Altitude influence the fatty acid profile of grape seed oil as well as the phenolic profile of the grape seed, skin, and whole berry.
